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(7) ABSTRACT

A method of operating a substrate processing chamber. In
one embodiment the method includes processing one or
more substrates in the substrate processing chamber and
subsequently cleaning the chamber using a dry cleaning
process. This substrate processing and dry cleaning
sequence is then repeated multiple times before chamber is
further cleaned by flowing a cleaning gas into the chamber
and forming a plasma within the chamber from the cleaning
gas in an extended cleaning process. During the extended
cleaning process the plasma is maintained within the cham-
ber for a total of at least 5 minutes before the chamber is
reused to process a substrate.

31 Claims, 3 Drawing Sheets

205
‘ Deposit layer over wafer 1 }4——

210

‘ Deposit layer over wafer 2 |

Vs
r Deposit layer over wafer 3 J|
¥ 220

| Ory Clean Chamber g

225

,7 Season Chamber J

Extended
Chamber Clean
Necessary?
235

I Extended Chamber CIeanJ
{ 240

I Season Chamber [

l




US 6,843,858 B2

Page 2
U.S. PATENT DOCUMENTS FOREIGN PATENT DOCUMENTS
6,125,859 A 10/2000 Kao et al. EP 0552491 7/1993
6,148,832 A 11/2000 Gilmer et al. EP 0697467 2/1996
6,170,428 Bl 1/2001 Redeker et al. JpP 1-220434 9/1989
6,182,602 Bl 2/2001 Redeker et al. JpP 2-125876 5/1990
6,217,951 Bl 4/2001 Mizuno et al. WO 97/03223 1/1997
6,329,297 B1  12/2001 Balish et al. WO 99/02754 1/1999

6,387,207 Bl 5/2002 Janakiraman et al. WO 99/03312 1/1999



U.S. Patent Jan. 18, 2005 Sheet 1 of 3
2
Process n substrates
v 3
Dry Clean Chamber
v
Repeat (2) & (3) m times
v °
Extended Chamber Clean
FIG. 1.
,—205
Deposit layer over wafer 1 j¢———
v 210
Deposit layer over wafer 2
v 215
Deposit layer over wafer 3
v ,—220
i Dry Clean Chamber B
[/-225

Season Chamber

Extended

US 6,843,858 B2

Chamber Clean
Necessary?

Extended Chamber Clean
{ 240

Season Chamber

FIG. 3.



US 6,843,858 B2

Sheet 2 of 3

Jan. 18, 2005

U.S. Patent

PSS,

ICEE, e AR B
0) -1 by 1
" o | ol
G
| e b [0
I P @ _
L le- b |
! P gg |
! ] - (S
“ _ _
L L L (|
G§
_\I:n..ll.l.r
|
“ 29
I3y Al
. R o 19
_ b] ma __.. lllll
_ WA Y BLAC —
fowss _ 7 e | e
L | _ el 1
. Pb gel
oS pan i “ ﬁ_iwﬁhanllam__ "
} | e
a “ T w " A —
s AT - — #AWR:_ |
b e —— ! (% b S Ly



US 6,843,858 B2

Sheet 3 of 3

Jan. 18, 2005

U.S. Patent

Al
/

g2 94

o

~ 0

O I o
l4

VAT I ——
o
~

/.

SESRRXYN9F

1§




US 6,843,858 B2

1

METHOD OF CLEANING A
SEMICONDUCTOR PROCESSING
CHAMBER

BACKGROUND OF THE INVENTION

The present invention relates to the fabrication of inte-
grated circuits. More specifically, embodiments of the inven-
tion pertain to methods of removing residue from the interior
surfaces of a substrate processing chamber.

One of the primary steps in the fabrication of modern
semiconductor devices is the formation of a layer, such as a
silicon oxide layer, on a substrate or wafer. As is well
known, such a layer can be deposited by chemical vapor
deposition (CVD). In a conventional thermal CVD process,
reactive gases are supplied to the substrate surface where
heat-induced chemical reactions take place to form the
desired film. In a conventional plasma CVD process, a
controlled plasma is formed using radio frequency (RF)
energy or microwave energy to decompose and/or energize
reactive species in reactant gases to produce the desired film.

Unwanted deposition on areas such as the walls of the
processing chamber also occurs during such CVD processes.
As is known in the industry, it is common to remove the
unwanted deposition material that builds up on the interior
of chamber walls with an in situ chamber clean operation.
Common chamber cleaning techniques include the use of an
etchant gas, such as fluorine, to remove the deposited
material from the chamber walls and other areas. In some
processes, the etchant gas is introduced into the chamber and
a plasma is formed within the chamber so that the etchant
gas reacts with and removes the deposited material from the
chamber walls. Such cleaning procedures are commonly
performed between deposition steps for every wafer or every
n wafers.

Some semiconductor manufactures employ a remote
plasma cleaning process as an alternative to an in situ plasma
cleaning, a remote plasma cleaning procedure may be
employed in which a plasma is generated remote from the
substrate processing chamber by a high density plasma
source such as a microwave plasma system, toroidal plasma
generator or similar device. Dissociated species from the
plasma are then transported to the substrate processing
chamber where they can react with and etch away the
undesired deposition build-up. Remote microwave plasma
cleaning procedures are sometimes used by manufacturers
because they provide a “softer” etch than in situ plasma
clean operations, i.e., there is less ion bombardment and/or
physical damage to chamber components because the
plasma is not in contact with chamber components.

Regardless of whether an in situ or remote cleaning
process is employed, over time, residue may build up within
the chamber that cannot be removed by standard dry clean-
ing processes. Accordingly, many semiconductor manufac-
turers use a wet cleaning process to remove such residue.
One commonly used wet clean process includes removing
appropriate components of the chamber (e.g., chamber
liners, the gas manifold or gas nozzles, and the pedestal) and
dipping the components in a bath of hydrofluoric acid (HF).
Components that cannot easily be dipped in such a bath, e.g.,
the interior chamber walls, are instead wiped with an HF or
similar solution.

As can be appreciated, wet cleaning operations require the
substrate processing tool to be taken offline. This results in
a decrease in wafer throughput and a general desire on
behalf of the semiconductor manufacturers to use such wet
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cleaning processes less frequently than dry cleaning pro-
cesses. As an example of frequency of use, during the use of
one known semiconductor substrate processing tool used to
deposit a silicon oxide dielectric layer over a substrate, the
chamber is dry cleaned using a remote plasma clean process
after every 5th substrate processed in the chamber, while the
chamber is cleaned using a wet clean process every 5000
wafers.

While wet clean processes such as the HF clean just
described have been used successfully by a number of
different semiconductor manufacturers, improved cleaning
processes are desirable.

SUMMARY OF THE INVENTION

Embodiments of the present invention pertain to a clean-
ing process that is used to remove residue remaining within
a substrate processing chamber after processing a substantial
number of wafers in the chamber and after performing a
number of dry cleaning processes.

According to one embodiment of the invention, one or
more substrates are processed in a substrate processing
chamber and the chamber is subsequently cleaned using a
dry cleaning process. This substrate processing and dry
cleaning sequence is then repeated multiple times before the
chamber is further cleaned using an extended cleaning
process in which a plasma is formed within the chamber and
maintained for at least 5 minutes from an appropriate
cleaning gas. In one embodiment, the cleaning gas includes
a hydrogen source and a fluorine source. In another embodi-
ment the cleaning gas further includes an oxygen source. In
still another embodiment the cleaning gas consists of argon.
And in still another embodiment cleaning gas consists of
argon and a hydrogen source.

These and other embodiments of the invention along with
many of its advantages and features are described in more
detail in conjunction with the text below and attached
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a flowchart illustrating the steps according to one
embodiment of the present invention;

FIG. 2A is a simplified, cross-sectional view of an exem-
plary substrate processing system with which embodiments
of the present invention may be used;

FIG. 2B is a simplified cross-sectional view of a gas ring
that may be used in conjunction with the exemplary CVD
processing chamber of FIG. 2A; and

FIG. 3 is a flowchart illustrating the steps according to
another embodiment of the present invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

As described above, embodiments of the invention pro-
vide a method of removing the residue from a substrate
processing chamber that builds up and remains after mul-
tiple cycles of substrate processing operations and chamber
dry cleaning operations. As used herein a chamber “dry
cleaning” operation is any process intended to remove
residue from an interior surface of the chamber in the gas
phase as opposed to liquid phase. The removal of contami-
nants in a dry cleaning process is driven by either conversion
of the contaminant into a volatile compound through a
chemical reaction, by knocking the contaminant off the
interior surface via a momentum transfer or by lifting the
contaminant off the surface during etching of the surface.
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Dry cleaning operations include both in situ and remote
plasma cleaning processes as well as thermal gas phase
cleaning processes and others. Embodiments of the inven-
tion are particularly useful in removing residue build-up
from a chemical vapor deposition (CVD) chamber but may
also be used to remove residue and other potential sources
of contamination from other types of deposition chambers,
e.g., physical vapor deposition (PVD) chambers, etching
chambers and other types of substrate processing chambers
in which a plasma can be formed within the chamber.

FIG. 1is a flowchart illustrating the steps according to one
embodiment of the present invention. In the embodiment
shown in FIG. 1, the process begins by sequentially pro-
cessing n wafers in a substrate processing chamber accord-
ing to a desired process or recipe (step 2). In one embodi-
ment the process or recipe is a CVD film deposition step, but
in other embodiments the process or recipe in step 2 may be
a PVD film deposition step, a film etch step or another
appropriate substrate processing operation. The number of
wafers, n, processed in step 2 before the dry cleaning
operation of step 3 depends on the type of process employed
in step 2 and the thickness of film deposited or amount of
film etched. In some embodiments, n is between 1 and 25 but
the invention is not limited to any particular value of n.

After n wafers have been processed, the substrate pro-
cessing chamber is then cleaned using an appropriate dry
cleaning process to remove residue that may have accumu-
lated on various interior surfaces of the chamber (step 3).
The type of dry cleaning process used, as well as its
frequency, depends on the type of substrate processing
operation employed in step 2. If, for example, step 2 deposits
a silica glass layer over each substrate, dry cleaning opera-
tion 3 may form a plasma from a fluorocarbon or similar gas
in order to remove silica glass deposited over the interior
walls of the chamber.

Steps 2 and 3 are then repeated a number of times, m,
(step 4) until the chamber is ready for an extended cleaning
process according to embodiments of the present invention.
While the invention is not limited to any particular value of
m, typically, the number of wafers processed in step 2 prior
to step 5 being run on a chamber (nxm) is in the range of 500
to 10,000 wafers. Thus, in one embodiment where n equals
5, m equals 100-2000. And in one embodiment where n
equals 1, m is between 500-10,000.

Extended clean step 5 is fundamentally different than dry
cleaning step 3 in that it is designed to remove residue and
contaminants that are not completely removed in step 2. To
this end, extended clean step 5 forms an in situ plasma that
is maintained within the chamber for a longer period of time
than is practical, e.g., because of throughput concerns, for
dry cleaning step 2. In one embodiment the plasma is also
formed using relatively high RF power levels. This, com-
bined with the length of time the plasma is maintained
within the chamber, results in the plasma heating the interior
surfaces of the chamber to temperatures that are often above
the temperatures the same surfaces are heated to during dry
cleaning step 2. In other embodiments an increased cleaning
temperature is obtained by actively heating the chamber
and/or selected components of the chamber, with an appro-
priate heater.

In some embodiments, a plasma is maintained within the
substrate processing chamber for at least 5 minutes and in
other embodiment for at least 10 minutes. In one specific
embodiment the plasma is maintained for between 10-30
minutes. In contrast, the cleaning plasma in dry cleaning
step 2 is typically maintained for less than 5 minutes and is
maintained for between 1-4 minutes in some embodiments.
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Various cleaning gases can be used in extended clean step
5. In some embodiments the cleaning gas includes a hydro-
gen source and one or more of a fluorine source or argon.
The hydrogen source can be H,, SiH,, air (N,/O,/H,0) or
other similar sources. Other gases can be added or removed
from the cleaning gas depending on the type of residue that
accumulates and remains within the chamber over time after
repeated iterations of steps 2 and 3. For example, if a carbon
residue accumulates during the extended operation of the
chamber, an oxygen source may be added (e.g., O,) to help
remove the carbon. If fluorine accumulates within the
chamber, however, (e.g., in the form of AlF,), a fluorine
source may not be necessary as the accumulated fluorine
will be available to react with the plasma.

As previously mentioned, dry cleaning step 2 may or may
not form an in situ plasma within the chamber. Even in
instances where cleaning step 2 employs an in situ plasma,
the plasma formed in extended cleaning step 5 is typically
different from the step 2 plasma in either or, more typically,
both gases and power levels employed. As used herein,
using different cleaning gases in steps 2 and 5 refers to the
clean gases used in steps 2 and 5 having at least one different
precursor gas. It does not mean the steps cannot have any
gases in common. For example, in one embodiment employ-
ing “different” cleaning gases in steps 2 and 5, cleaning step
2 employs a clean gas of NF; and Ar while the cleaning gas
used in step 5 includes NF;, Ar and H,.

In order to better appreciate and understand the present
invention, the invention is illustrated below with reference
to a specific example in which a high density plasma CVD
(HDP-CVD) chamber is used to deposit undoped silicate
glass (USG) layers over a semiconductor substrate. This
example is for illustrative purposes only as the present
invention can be used to remove residue from other types of
substrate processing chambers and from chambers used to
deposit materials other than silicate glass, among other
possible uses. The example includes some details that are, in
part, chamber specific. Thus, before describing the
examples, a brief description of the HDP-CVD substrate
processing chamber is given.

FIG. 2A illustrates one embodiment of a high density
plasma chemical vapor deposition (HDP-CVD) system 10 in
which the method of the present invention may be practiced.
System 10 includes a chamber 13, a substrate support 18, a
gas delivery system 33, a remote plasma cleaning system 50,
a vacuum system 70, a source plasma system 80A, a bias
plasma system 80B.

The upper portion of chamber 13 includes a dome 14,
which is made of a ceramic dielectric material, such as
aluminum oxide or aluminum nitride. Dome 14 defines an
upper boundary of a plasma processing region 16. Plasma
processing region 16 is bounded on the bottom by the upper
surface of a substrate 17 and a substrate support 18, which
is also made from an aluminum oxide or aluminum ceramic
material.

A heater plate 23 and a cold plate 24 surmount, and are
thermally coupled to, dome 14. Heater plate 23 and cold
plate 24 allow control of the dome temperature to within
about £10° C. over a range of about 100° C. to 200° C.

Generally, exposure to the plasma heats a substrate posi-
tioned on substrate support 18. Substrate support 18 includes
inner and outer passages (not shown) that can deliver a heat
transfer gas (sometimes referred to as a backside cooling
gas) to the backside of the substrate.

The lower portion of chamber 13 includes a body member
22, which joins the chamber to the vacuum system. A base
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portion 21 of substrate support 18 is mounted on, and forms
a continuous inner surface with, body member 22. Sub-
strates are transferred into and out of chamber 13 by a robot
blade (not shown) through an insertion/removal opening
(not shown) in the side of chamber 13. Lift pins (not shown)
are raised and then lowered under the control of a motor
(also not shown) to move the substrate from the robot blade
at an upper loading position 57 to a lower processing
position 56 in which the substrate is placed on a substrate
receiving portion 19 of substrate support 18. Substrate
receiving portion 19 includes an electrostatic chuck 20 that
can be used to secure the substrate to substrate support 18
during substrate processing.

Vacuum system 70 includes throttle body 25, which
houses twin-blade throttle valve 26 and is attached to gate
valve 27 and turbo-molecular pump 28. Gate valve 27 can
isolate pump 28 from throttle body 25, and can also control
chamber pressure by restricting the exhaust flow capacity
when throttle valve 26 is fully open. The arrangement of the
throttle valve, gate valve, and turbo-molecular pump allow
accurate and stable control of chamber pressures as low as
about 1 mTorr.

Source plasma system 80A is coupled to a top coil 29 and
side coil 30, mounted on dome 14. A symmetrical ground
shield (not shown) reduces electrical coupling between the
coils. Top coil 29 is powered by top source RF (SRF)
generator 31 A, whereas side coil 30 is powered by side SRF
generator 31B, allowing independent power levels and fre-
quencies of operation for each coil. In a specific
embodiment, the top source RF generator 31A provides up
to 2,500 watts of RF power at nominally 2 MHz and the side
source RF generator 31B provides up to 5,000 watts of RF
power at nominally 2 MHz. The operating frequencies of the
top and side RF generators may be offset from the nominal
operating frequency (e.g. to 1.7-1.9 MHz and 1.9-2.1 MHz,
respectively) to improve plasma-generation efficiency.

A bias plasma system 80B includes a bias RF (BRF)
generator 31C and a bias matching network 32C. The bias
plasma system 80B capacitively couples substrate portion 17
to body member 22, which act as complimentary electrodes.
The bias plasma system 80B serves to enhance the transport
of plasma species (e.g., ions) created by the source plasma
system 80A to the surface of the substrate. In a specific
embodiment, bias RF generator provides up to 5,000 watts
of RF power at 13.56 MHz.

RF generators 31A and 31B include digitally controlled
synthesizers and operate over a frequency range between
about 1.8 to about 2.1 MHz. Each generator includes an RF
control circuit (not shown) that measures reflected power
from the chamber and coil back to the generator and adjusts
the frequency of operation to obtain the lowest reflected
power, as understood by a person of ordinary skill in the art.
Matching networks 32A and 32B match the output imped-
ance of generators 31A and 31B with their respective coils
29 and 30. The RF control circuit may tune both matching
networks by changing the value of capacitors within the
matching networks to match the generator to the load as the
load changes. The RF control circuit may tune a matching
network when the power reflected from the load back to the
generator exceeds a certain limit. One way to provide a
constant match, and effectively disable the RF control circuit
from tuning the matching network, is to set the reflected
power limit above any expected value of reflected power.
This may help stabilize a plasma under some conditions by
holding the matching network constant at its most recent
condition.

A gas delivery system 33 provides gases from several
sources 34(a) . . . 34(n) via gas delivery lines 38 (only some
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6

of which are shown). In the particular example illustrated
below, gas sources 34(a) . . . 34(n) include separate sources
for SiH,, O,, Ar and NF; as well as one or more sources for
the extended cleaning process. As would be understood by
a person of skill in the art, the actual sources used for sources
34(a) . . . 34(n) and the actual connection of delivery lines
38 to chamber 13 varies depending on the deposition and
cleaning processes executed within chamber 13. Gas flow
from each source 34(a) . . . 34(n) is controlled by one or
more mass flow controllers (not shown) as is known to those
of skill in the art.

Gases are introduced into chamber 13 through a gas ring
37 and/or a top nozzle 45. FIG. 2B is a simplified, partial
cross-sectional view of chamber 13 showing additional
details of gas ring 37. In some embodiments, one or more
gas sources provide gas to ring plenum 36 in gas ring 37 via
gas delivery lines 38 (only some of which are shown). Gas
ring 37 has a plurality of gas nozzles 39 (only one of which
is shown for purposes of illustration) that provides a uniform
flow of gas over the substrate. Nozzle length and nozzle
angle may be changed to allow tailoring of the uniformity
profile and gas utilization efficiency for a particular process
within an individual chamber. In one specific embodiment,
gas ring 37 has 12 gas nozzles 39 made from an aluminum
oxide ceramic.

Gas ring 37 also has a plurality of gas nozzles 40 (only
one of which is shown), which in a specific embodiment are
co-planar with and shorter than source gas nozzles 39, and
in one embodiment receive gas from body plenum 41. Gas
nozzles 39 and 40 are not fluidly coupled in some embodi-
ments where it is desirable to not mix gases (e.g., SiH, and
0,) introduced through gas ring 37 before injecting the
gases into chamber 13. In other embodiments, gases may be
mixed prior to injecting the gases into chamber 13 by
providing apertures (not shown) between body plenum 41
and gas ring plenum 36. Additional valves, such as 43B
(other valves not shown), may shut off gas from the flow
controllers to the chamber.

In embodiments where flammable, toxic, or corrosive
gases are used, it may be desirable to eliminate gas remain-
ing in the gas delivery lines after a deposition or cleaning
process. This may be accomplished using a 3-way valve,
such as valve 43B, to isolate chamber 13 from a delivery line
38 and to vent delivery line 38 to vacuum foreline 44, for
example. As shown in FIG. 2A, other similar valves, such as
43A and 43C, may be incorporated on other gas delivery
lines. Such 3-way valves may be placed as close to chamber
13 and remote plasma source 50 as practical, to minimize the
volume of the unvented gas delivery line (between the
3-way valve and the chamber). Additionally, two-way (on-
off) valves (not shown) may be placed between a mass flow
controller (“MFC”) and the chamber or between a gas
source and an MFC.

Referring again to FIG. 2A, chamber 13 also has top
nozzle 45 and top vent 46. Top nozzle 45 and top vent 46
allow independent control of top and side flows of the gases,
which improves film uniformity and allows fine adjustment
of the film’s deposition and doping parameters. Top vent 46
is an annular opening around top nozzle 45. In one
embodiment, one source, e.g., SiH,, supplies source gas
nozzles 39 and top nozzle 45 through separate MFCs (not
shown). Similarly, separate MFCs may be used to control
the flow of oxygen to both top vent 46 and gas nozzles 40
from a single source of oxygen. The gases supplied to top
nozzle 45 and top vent 46 may be kept separate prior to
flowing the gases into chamber 13, or the gases may be
mixed in top plenum 48 before they flow into chamber 13.
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In other embodiments, separate sources of the same gas may
be used to supply various portions of the chamber.

A remote microwave-generated plasma cleaning system
50 is provided to periodically clean deposition residues from

8
cessed in chamber 13 to form 8,000 A USG layers over the
substrates (steps 205, 210, 215). Table 1 below illustrates
key parameters of the process used to deposit the 8,000 A
USG layers as well as the key parameters in the chamber dry

chamber components in a dry cleaning operation. The clean- 5 cleaning process and ch.amber seasoning operation. Gas flow
ing system includes a remote microwave generator 51 that values in Table 1 that include two numbers separated by a
creates a plasma from one or more cleaning gas source in “+” sign indicate the flow rate through side and top nozzles,
sources 34(a) . . . 34(n) (e.g., molecular fluorine, nitrogen respectively, of chamber 13. Also, a pressure level of “TVO”
trifluoride, other fluorocarbons or equivalents alone or in indicates that the throttle valve is fully open setting the
combination with another gas such as Argon) in reactor 19" chamber pressure to a minimum value (typically in the 1-3
cavity 53. The reactive species resulting from this plasma mTorr range) that is determined by the flow rate of the gases
are conveyed to chamber 13 through cleaning gas feed port introduced into the chamber. As can be seen from Table 1,
54 via applicator tube 55. The materials used to contain the each of 8,000 A USG deposition steps 205, 210, 215 takes
cleaning plasma (e.g., cavity 53 and applicator tube 55) must approximately 90 seconds while cleaning step 220 takes
be resistant to attack by the plasma. The distance between 15 approximately 180 seconds and seasoning step 225 takes
reactor cavity 53 and feed port 54 should be kept as short as approximately 10 seconds. Various set-up and purge steps
practical, since the concentration of desirable plasma species may also be included before and after each of steps 205-225
TABLE 1
USG DEP STEPS ~ CHAMBER CHAMBER
PARAMETER 205,210,215  CLEAN STEP 220 SEASONING STEP 225
SiH, 74 + 12.4 scem — 85 scem
0, 156 scem — 130 scem
Ar 110 + 16 scem — 95 + 15 scem
NF;-MW — 1500 scem —
Pressure TvVO 3000 mTorr VO

Top RF (2 MHz) 1300 W — 1300 W

Side RF (2 MHz) 3100 W — 3100 W

Bias RF (13.56 MHz) 3500 W — 0w

MW Power — 3200 W —
Time 90 secs 180 secs 10 secs

may decline with distance from reactor cavity 53. Generat-
ing the cleaning plasma in a remote cavity allows the use of
an efficient microwave generator and does not subject cham-
ber components to the temperature, radiation, or bombard-
ment of the glow discharge that may be present in a plasma
formed in situ. Consequently, relatively sensitive
components, such as electrostatic chuck 20, do not need to
be covered with a dummy wafer or otherwise protected, as
may be required with an in situ plasma cleaning process.

System controller 60 controls the operation of system 10.
Controller 60 may include, for example, a memory 62, such
as a hard disk drive and/or a floppy disk drive and a card rack
coupled to a processor 61. The card rack may contain a
single-board computer (SBC), analog and digital input/
output boards, interface boards and stepper motor controller
boards. System controller 60 operates under the control of a
computer program stored on the hard disk drive or through
other computer programs, such as programs stored on a
removable disk. The computer program dictates, for
example, the timing, mixture of gases, RF power levels and
other parameters of a particular process.

FIG. 3 is a flowchart illustrating the operation of chamber
13 according to an exemplary embodiment of the invention
implemented in an Ultima™ HDP-CVD chamber manufac-
tured by Applied Materials. The process shown in FIG. 3 is
an extended wafer run in which an 8,000 A layer of undoped
silicate glass (USG) is deposited over multiple semiconduc-
tor substrates upon which partially completed integrated
circuits are formed. As shown in FIG. 3, the exemplary
extended wafer run includes performing a chamber dry
cleaning process (step 220) and a chamber seasoning pro-
cess (deposition of a thin silicon oxide layer over the interior
surfaces of the chamber prior to the next deposition step
205) (step 225) after every three substrates that are pro-
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From previous extended wafer run experiments, the
inventors have found that the deposition, chamber clean
sequence illustrated in FIG. 2 can be used to process
thousands of wafers before an aluminum fluoride residue
containing traces of carbon, nitrogen, titanium and other
elements accumulates to levels that may adversely affect
further substrate processing. This undesirable residue that
forms on various chamber components can be cleaned using
wet cleaning techniques such as those described above or the
components may be replaced altogether.

The inventors have determined, however, that such wet
cleaning techniques can be replaced with an in situ chamber
cleaning process in which a plasma is formed within cham-
ber 13 for an extended period of time. This in situ extended
chamber cleaning process is shown in FIG. 3 as step 235
which is typically only executed after some relatively large
number of substrates are processed in chamber 13 in mul-
tiple iterations of the step 205-225 sequence. The inventors
have found that for the above USG deposition process and
associated clean and seasoning process an extended wafer
run of at least 500-2000 wafers can be processed in the step
205-225 sequence before extended cleaning step 235 is
executed. In one embodiment, a counter m is used to count
the number of wafers processed and step 235 is executed
once m reaches the predetermined frequency for the
extended clean (step 230). In other embodiments, sensors
are used to monitor contaminant levels within chamber 13
and only when the sensors indicate that contaminant levels
have reached a certain level is extended clean step 235
executed. After performing extended clean step 235, cham-
ber 13 is seasoned (step 240) and the chamber is ready for
additional deposition steps.

In one embodiment the extended chamber clean process
forms an in situ plasma from a cleaning gas that includes a
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hydrogen source and argon. The hydrogen source may be H,
or air (N,/O,/H,0). Argon, which is a highly dissociative
atom, allows the plasma to be sustained at a very low
pressure (e.g., between 0.5-120 mTorr and preferably
between 0.5 and 30 mTorr in some embodiments and
between 0.5-5 mTorr in other embodiments). The in situ
plasma is allowed to clean the chamber for at least 5 minutes
and more typically for between 10-30 minutes at relatively
high RF power levels (e.g., 2500-5000 W for the side coil
and 1500-5000 W for the top coil). In one embodiment, RF
bias power is not employed. During this time, the source (top
and side) RF power levels are left ON.

Because the in situ plasma formed by this process is
maintained for such an extended period at such low pressure
levels, the plasma heats the chamber to temperatures that
typically are not reached during a standard dry cleaning
operation such as that of steps 220. For example, the
temperature of dome 14, which is actively cooled by cold
plate 24 during the extended cleaning process so that the
dome does not crack from the high temperatures, may reach
a temperature of between 180-300° C. in some embodi-
ments and more typically between 200-250° C. in other
embodiments.

In contrast, the temperature of dome 14 during deposition,
cleaning and seasoning steps 205-225, is typically con-
trolled by cold plate 24 at a temperature of about 120° C.
Also, gas flows used to clean a high density plasma chamber,
such as chamber 13, during dry cleaning step 220 are
typically above 60 mTorr due to the relatively high flow rate
of the fluorine source (e.g., greater than 500 scem of NF;)
employed to etch the relatively large quantities of silicon
oxide that have accumulated over the chamber surfaces
between dry cleaning processes.

In embodiments where there is no fluorine source used in
extended clean step 230, the RF power levels used are
maximized in order to intentionally sputter the contaminated
chamber dome surfaces and heat the dome to desorb the
contaminants. In contrast, the inclusion of a fluorine source
in dry cleaning step 220 typically limits the RF power levels
employed during the dry cleaning step. If RF power levels
are not limited during such a fluorine-containing clean step,
the higher dome temperatures may result in the formation of
AIF on the dome surface thereby consuming an outer layer
of the ceramic dome and reducing its lifetime.

In some embodiments where air is used as one of the
gases in the extended chamber cleaning process, it is pos-
sible to open a valve in the chamber to let the air in rather
than supply air from a dedicated source of clean dry air
(CDA). For example, a number of plasma processing cham-
bers such as chamber 13 include a residual gas analyzer
(RGA) tap area near the foreline for a particle monitor or
similar device. In such chambers, opening the valve in the
RGA tap area may serve as the source for the air.

In another embodiment of the invention, the in situ plasma
formed within the chamber during extended clean step 235
is formed from only argon In one embodiment, the flow of
argon is between 5-100 sccm. In one particular
embodiment, an argon flow of 15 sccm was introduced into
the chamber and a plasma was formed by applying 4800 W
of RF power to the top coil and 1200 W of RF power to the
side coil. Chamber pressure was set to 1.2 mTorr and the
plasma was maintained for 30 minutes. During this extended
clean process, the dome temperature was reached a tem-
perature of 210° C. and was sustained at that temperature
throughout the extended clean.

In order to test the effectiveness of this argon-only
embodiment, the inventor implemented the process in a

10

15

20

25

30

35

40

45

50

55

60

65

10

HDP-CVD tool (Ultima™ chamber manufactured by
Applied Materials) where contaminate levels within the
chamber due to an extended sequence of film deposition and
chamber clean steps resulted in an unacceptably high num-
ber of particles (greater than 50 per wafer) greater than 0.2
microns in diameter being added to subsequent deposition
processes. Before the argon-only extended clean step was
implemented, many of the interior ceramic surfaces of the
chamber including the chamber dome, nozzles and process
kit included dark blackish/brown spots indicative of high
contaminant levels. While not being limited to any particular
theory, it is believed that areas of contaminants form a
relatively poor interface with silica glass films and thus lead
to particles due to flaking and/or delamination of silica glass
formed over the surfaces. After running the above argon-
only extended clean step, all the interior surfaces of the
chamber including the ceramic surfaces mentioned above
were clean with no signs of contamination. Also, particle
levels for subsequent substrate deposition steps performed in
the chamber showed particles levels that were returned to
the acceptable, production level requirement (for the par-
ticular deposition application) of less than 50 particles of 0.2
micron in diameter or more per wafer.

Having fully described several embodiments of the
present invention, many other equivalents or alternative
embodiments of the present invention will be apparent to
those skilled in the art. These equivalents and/or alternatives
are intended to be included within the scope of the present
invention.

What is claimed is:

1. A method of operating a substrate processing chamber,
said method comprising:

(a) processing one or more substrates in said substrate

processing chamber;

(b) cleaning said chamber using a dry cleaning process;

(c) repeating steps (a) and (b) one or more times; and

(d) thereafter, performing an extended cleaning process

by flowing a cleaning gas into said chamber and
forming a plasma within said chamber from said clean-
ing gas, wherein said plasma is maintained for a total
of at least 5 minutes before said chamber is reused to
process a substrate.

2. The method of claim 1 wherein said cleaning gas
comprises a hydrogen source and a fluorine source.

3. The method of claim 2 wherein said cleaning gas
further comprises an oxygen source.

4. The method of claim 2 wherein said fluorine source is
NE,.

5. The method of claim 1 wherein said cleaning gas
consists of argon.

6. The method of claim 1 wherein said cleaning gas
consists of argon and a hydrogen source.

7. The method of claim 6 wherein said hydrogen source
is H,.

8. The method of claim 6 wherein said plasma is formed
at a pressure between 0.5 and 120 mTorr.

9. The method of claim 6 wherein said plasma is formed
at a pressure between 0.5 and 5 mTorr.

10. The method of claim 1 wherein a plasma is maintained
in said substrate processing chamber for between a total of
between 10 to 30 minutes during said extended cleaning
step.

11. The method of claim 10 wherein a cleaning plasma is
maintained for less then 5 minutes during said dry cleaning
process.

12. The method of claim 1 wherein said cleaning gas is
different in composition from a gas used during said dry
cleaning process.
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13. Amethod of operating a substrate processing chamber,
said method comprising:

(a) transferring a substrate into said substrate processing
chamber having at least one interior chamber surface;

(b) depositing a layer of material over said substrate,
wherein said depositing step also results in unwanted
deposition of material on said interior chamber surface;

(c) transferring said substrate out of said substrate pro-
cessing chamber;

(d) optionally, repeating (a)—(c) n times, where n is an
integer between 1 and 25;

(e) thereafter, removing said unwanted deposition build-
up from said interior chamber surface by exposing said
surface to reactive species from a first cleaning gas;

(f) repeating (a)-(e) m times, where m is an integer
greater than 25, wherein after (a)—(e) are repeated m
times, unwanted residue has built up on said interior
chamber surface;

(g) thereafter, performing an extended cleaning process to
remove said unwanted residue from said interior cham-
ber surface by forming a plasma within said chamber
from a second cleaning gas, wherein said second clean-
ing gas is different in composition from said first
cleaning gas.

14. The method of claim 13 wherein said first cleaning gas

comprises a fluorine source.

15. The method of claim 14 wherein said second cleaning
gas comprises hydrogen and argon.

16. The method of claim 15 wherein said second cleaning
gas further comprises an oxygen source.

17. The method of claim 15 wherein said second cleaning
gas further comprises a fluorine source.

18. The method of claim 14 wherein said second cleaning
gas consists of argon.

19. The method of claim 14 wherein said second cleaning
gas consists of hydrogen and argon.

20. The method of claim 13 wherein said extended
cleaning process forms a plasma within said chamber for at
least 5 minutes.

21. The method of claim 13 wherein said extended
cleaning process forms a plasma within said chamber for at
least 10 minutes.

22. The method of claim 20 wherein said interior chamber
surface is exposed to reactive species during step (e) for less
than 5 minutes.
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23. Amethod of operating a high density plasma chemical
vapor deposition chamber having a plasma generation sys-
tem that includes a coil, said method comprising:

(a) transferring a substrate into said chamber, depositing
a layer of silica glass over said substrate and transfer-
ring said substrate out of said chamber, wherein when
said silica glass is deposited over said substrate some
deposition also occurs on an interior surface of said
chamber;

(b) optionally, repeating (a) n times, where n is an integer
between 1 and 10;

(¢) thereafter, removing said deposition from said interior
surface by exposing said surface to reactive species
from a first cleaning gas;

(d) repeating (a)—(c) m times, where m is an integer
greater than 100;

(e) thereafter, performing an extended cleaning process by
flowing a second cleaning gas into said chamber and
applying RF energy to said coil to form a plasma within
said chamber from said second cleaning gas, wherein
said second cleaning gas is different in composition
from said first cleaning gas.

24. The method of claim 23 wherein said second cleaning

gas comprises a hydrogen source.

25. The method of claim 24 wherein said second cleaning
gas further comprises a fluorine source.

26. The method of claim 25 wherein said second cleaning
gas further comprises argon.

27. The method of claim 24 wherein said hydrogen source
is selected from the group consisting of: air, silane and
molecular hydrogen.

28. The method of claim 23 wherein said second cleaning
gas consists of argon.

29. The method of claim 23 wherein said extended
cleaning process forms a plasma within said chamber for at
least 5 minutes.

30. The method of claim 23 wherein said extended
cleaning process forms a plasma within said chamber for at
least 10 minutes.

31. The method of claim 30 wherein said interior chamber
surface is exposed to reactive species during step (e) for less
than 5 minutes.



